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OUTLINE 


o NASA F’RCX'.RAMS RRQUII^ING LONG Liri'rilME COOLER 
o PHILIPS COOl.ER PROGRAM 

- HIS'LORV OF PROGIMM 

- TECHNOLOGICAL DEVELOPMEN'rS 

- siwrus 

o CREARE COOLER PROGRAM 

- HIS'LORY OF F’ROGILaM 

- TECHNOLOGICAI, I)EVEI>OI’MENTS 

- S'I'ATUS 


40 K - 120 K (SINGLE STAGE COOLERS) 


REQUIREMENTS (AND ILLUSTRATIVE EXAMPLES! 

o COOLING SENSORS 

- ADVANCED X RAY AS TROPI lYSICS INSTRUMEN'L 

- MODERATE RESOLUTION IMAGING SCANNER 
ON EARTH OBSERVING SYSIEM (EOS) 

- HIGH RESOLUTION IMAGING INFRARED SPECIIX^METER 
ON EOS 

- 2 SECOND C.ENERATION SPACE TELESCOPE INS'llTUMENTS 
(SOLID METIIANE/AMMONIA COOLERS OR LONG LIFE'TIME 
MECHANICAL COOLERS) 

o IX)NG lEITM STOITAGE OF LIQUID I lELIUM 

- ADVANCED X-RAY ASH^OPI lYSICS FACILITY INSII^UMENT 

- AS'TROMAG 

- CRYOGENIC IN'rERFEROMETER SPECTROMETER ON EOS (TBD) 
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HISTORY OF LONG-LIFE STIRLING COOLER 


o FREMMINARY STUDY - COMPI.DTE - 1979 

o ENGINEERING MODEL MET DESIGN SPECIFICATION - 
MARCH 29, 1982 

o ENGINEEF^ING MODEL PASSES WO YEARS RUN TIME Wri'II NO 
DEGRADATION - AUGUST, 1985 

o PROTaiTPE CON-nTACr BEGINS - SEPTEMBER, 1981 

O AIRFORCE FUNDING BEGINS - DECEMBER, 1984 

o PRO'TarYPE COOLER DELIVERABLE - DECEMBER, 1987 


SINGLE EXPANSION CRYOGENIC COOLER 
WITH LINEAR MAGNETIC SUSPENSION 
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ORIGINAL PAGE IS 
DJE POOR QUALITY 




PROTOFLIGIIT COOLER 


MAJOR TECHNOLOGICAL FEATURES 

o MAGNETIC HEARINGS FOI^ LONG LIFE 
0 I^DIAI. POSI TION SENSORS Will I LOW DRIFT 
o AXIAL POSrriON SENSORS WITH HIGHER F'RF:qUENCY RESPONSE 
o LOWEI^ DiSPI^CEl^ POWER - MAGNETIC SPRINGS 
() HIGH EFI'ICIENCY DRIVERS FOR LINF:AR MOTORS 
() COMPACT LONG LIFE ACTIVE COHN'TERI3AIJ^NCE - GAS SPRINGS 
o COATIH) INTERNAL SURFACICS F'OR SF:C0NDARY HF:ARINGS 
o LOW I'REQIJENCY VIBRATION ISOI7VTION MOUN-T 


ADVANTAGES OF PHILIPS COOLER 

0 ENGINEERING MODEL HAS DEMONSTRATED LONG-LIFETIME. RELIABLE 
OPEI^TION 

0 EF'FICIENT 

o LOW VIBRATION (ACTIVE BALANCER) 
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KLl.iabLK/VlUK. I'iLLllAHlLAL KLUAblLi LY 
I’KtUMlNAKY 


hibbiuN 

FAILUKt KAlt* 

KtLlABlLIIY** 

5 YtAKb 

• i!yiOb 

.yy258 

N YtAKb 

• ;^91Ub 

.U898b 


•FAILUKt KAlt HtK MiLLIUN IIUUKb UF UFtKAllUN 
••BAStU UN: fllLI lAKY IIUBK-n/U 

MIL blANUAKU /bbU: 'MILIIAKY SIANDAKH KhLlABlLllY FKtUltllUN* 

U.S. AHMY XLUSlUNt AKbUNAL blUKAbh KtPUKI LL-/8-1: "MlbblLh FlAltKIAL KtLlABlLllY 
PKtUltllUN HANDBUUK' . . ... 

KUht AIR UtVtLUFHLNl CtNltK KhFUKl HFKU-2: *NUNt-tLttlHUNlL UtLlAbJLllY KAKlb KtLlABlLIIY 
DA I A' 

(j 1D*^P: HUVhRNMtNl/lNDUblRY DAIA bXLIlANlit I'KUbKAM-bUMhARY UF FAILUKt KAlt UAIA 


STATUS OF PROTOFLIGHT DEVELOPMENT 


o DESIGN COMI’LETE 

o F'ABI^ICA'nON AND TEST OF SAMPI.E CRmCAL SUBASSEMBLIES IS 
COMPLETE 

- I^DIAL BICARINGS 

- LVD T 

- LINEAR MOTOF^S 

o ROUGH MACHINING OF HOUSING IS NEARING COMPLETION 
o FABRrATION AND ASSEMBLY COMPLE'IE BY 12/30/87 
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SUMMARY OF PHILIPS PROGRAM 


o PHILIPS COOLER IS BASELINED FOR FLIGHT ON THE X-RAY SPECTROMDIER 
INSTRUMEN'r ON THE ADVANCED X -I^Y ASTl^OPHYSICS FACILHY 

o PROl'O'ITPE COOLER IS 75% COMPLEHC. 

o MEEIING NASA'S SCIENllFIC GOAIS IN BaiH EARTH SCIENCES AND 
ASTROPHYSICS IS DEPENDENT ON THE AVAIITVBILHT OF A RELIABLE 
MECHANICAL COOLER 
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MAJOR TECHNOLOGICAL FEATURES 


o MINIATURE CICNTRIFUGAL COMPRESSOR 

- 600,000 RPM 

- .218 INCH DIAMETER SIIAIO' 

- .656 INCH DIAMICTER IMPELLER (DOUBLE SIDED) 

- SELF ACriNG GAS JOURNAL BEAWNGS ( I'lLTED I’AD lYPE) 

- MAGNETIC THRUST BEARINGS (PERMANENT MAGNETS) 

o MINIATURE TURBOEXPANDER 

- 500,000 RI’M 

-.125 INCI 1 DIAMITPER SI lAFi' 

- SELF ACTING GAS JOURNAL BEARINGS (11LTED PAD TYPE) 

- PRESSURIZICD GAS Ti IRUST BEARING 

o ALL METAL COUN'TERFLOW HEAT EXCHANGER (SLOTTED COPPER PLATES) 

- 0.985 PREDICTED EFI' EC'TIVENESS 


POTENTIAL ADVANTAGES OF THE CREARE 
REVERSE BRAYTON CYCLE COOLER 

o LOW VIBRATION (SELF BALANCING) 

- ACTIVE BAIWNCING NOT REQUII^D 

o SIMPLE CONTROL ELECH^ONICS (PRIMARILY HIGH FREQUENCY INVEITTER) 

- ELECTRONICS MORE RELIABLE 

- COST. WEIGHT AND POWER SAVINGS 

o MINIATURE MOVING PARl'S DO NOT REQUIRE A UVUNCH LOCK 

o IN'TERFACE WI TH OBJECT 'TO BE COOLED IS I^UMWELY SIMPLE BECAUSE OF 
LOW VIBI?A'TION 

o LOW SYSTEM WEIGHT AND SIZE 
o FLEXIBILI TY IN PACKAGING OF COMPONEN'TS 
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HISTORY OF GODDARD’S FUNDING OF CREARE 


o TECHNOLOGY DEMONSTATION MODEL 
REVERSE BI^YTON CYCLE COOLER 

- DESIGN 12/84TO 6/85 

-EAB&TESrr 4/86 TO 4/88 

o ALL-METAL COMPACL HEAT EXCHANGER 

- DESIGN 2/86 TO 8/86 

- FAR & TEST 5/87 TO 5/89 


SUMMARY 


o THE PHILIPS SriRLING COOLER PROGRAM WILL ENSURE THAT A COOLER 
IS AVAILABLE TO MEIirr NAwSA'S NEEDS IN THE 40 TO 120K TEMPERATURE 
RANGE IN THE EARLY 1990'S 

o n IE CREAI^E 'l URBOMACI IINERY BASED COOLER MAY PROVIDE AN 
IMPROVED COOLER FOR THE 40 TO 120K IL\NGE 

o DESIGN 01' ADVANCED MULTIS TAGE COOLERS FOR USE DOWN TO 2 
KELVIN WILL BEGIN IN 1988 

- NEW LOW TEMPERATURE REGENERATOR CONCEPTS WILL BE 
EXPLORED 
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SPEAKER: STEPHEN H. CASTLES/GQDDARD SPACE FLIGHT CENTER 
John R. Schuster/Genera] Dynamics Space Systems: 

What is the status of the development work that was being done on a two stage 
Stirling machine? 

Castles: 

The two-stage Stirling machine is being produced by Magnavox Space Division, 
which is also a division of North American Phillips, and, as far as I know, the 
Air Force has completely ceased funding that program; it is at a total standstill. 
The machine was fairly well along; most of the hardware was complete, but as 
far as I know it is sitting at this time. That machine incorporated essentially 
the same technology that we had in our engineering model. 
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